The one-dimensional flow model is an effective method to study the train tunnel pressure wave problem. Critical aerodynamic coefficients (pressure loss coefficient of the streamlined head, friction coefficient of the train body, pressure loss coefficient of the streamlined tail) are the main factors that affect the computational accuracy of the one-dimensional flow model. In the present paper, the computational formulas of the pressure loss coefficient of the streamlined head, friction coefficient of the train body, pressure loss coefficient of the streamlined tail are derived, which show the relationship among critical aerodynamic coefficients and typical pressure increments. Typical pressure increments are computed by the three-dimensional flow model. Computational results show that, for the high-speed train studied in the present paper, the pressure loss coefficient of the streamlined head is 0.0149, the friction coefficient of the train body is 0.0040, and the pressure loss coefficient of the streamlined tail is 0.0151. The computational difference between the onedimensional flow model and three-dimensional flow model is no more than 5%, which verifies the accuracy of critical aerodynamic coefficients.
INTRODUCTION
When the train goes through the tunnel or two trains cross each other in the tunnel, the air flow is limited by the tunnel wall and the drastic pressure variation is generated [1, 2] . The air flow when the high-speed train goes through the tunnel is the three-dimensional compressible unsteady flow, the three-dimensional flow model can accurately analyze the influence of streamlined head shape, cross-section of the train body and bottom constructions on the pressure wave [3, 4] . However, the threedimensional flow model requires a larger number of computational mesh to simulate the complex turbulent flow of the high-speed train, thus it is not suitable for the long and extra-long tunnel. Under normal circumstance, the tunnel length is much larger than the hydraulic equivalent diameter of the tunnel cross-section, the train length is also much larger than the hydraulic equivalent diameter of the annulus space between the tunnel and high-speed train, then the air flow when the high-speed train goes through the tunnel can be simplified as the one-dimensional compressible unsteady turbulent flow, which provides the theoretical basis for the prediction of the pressure wave rapidly and exactly [5, 6] . The one-dimensional flow model can quickly compute the mean pressure and velocity on the cross-section when the train goes through the tunnel or two trains cross in the tunnel in the personal computer. The onedimensional flow model is suitable for the tunnel with hundreds of kilometers. The most common computation method of the one-dimensional flow model is the characteristics method [7] . For the boundary condition, the pressure loss coefficient is adopted to reflect the three-dimensional flow effect around the streamlined head and tail, the friction coefficient is adopted to reflect the three-dimensional flow effect caused by the complex bottom constructions. The pressure loss coefficient of the streamlined head, the friction coefficient of the train body and the pressure loss coefficient of the streamlined tail are critical aerodynamic coefficients for the computation of the one-dimensional flow model, which should be determined before the computation. In the previous studies, the critical aerodynamic coefficients are determined by the engineering experience or full-scale train test. In the present paper, the computational method of critical aerodynamic coefficients in the onedimensional flow model is proposed based on the three-dimensional flow model.
ONE-DIMENSIONAL FLOW MODEL
The air flow in the tunnel can be simplified as the one-dimensional compressible, unsteady and non-homentropic flow. Based on the mass conservation, momentum conservation and energy conservation, the governing equations are as follows [6] :
where, u is the air velocity; p is the air pressure;
 is the air specific heat ratio;  is the air density; a is the sound speed; G is the friction term between air and wall; q is the heat transfer term between air and wall;  is the friction work term between air and high-speed train; t is the time. For the tunnel space:
where, T is the temperature of the air in the tunnel. For the annulus space including the high-speed train:
where,
TR F is the cross-section area of the train; TR S is the crosssection perimeter of the train; TR f is the friction coefficient of the train; V is the train speed； TR T is the temperature of the train. The above governing equations are essentially the first order quasi-linear hyperbolic partial differential equations, which can be solved by the characteristics method. For more details, please refer to the reference [6] .
COMPUTATION OF CRITICAL AERODYNAMIC COEFFICIENT
The common method to determine the critical aerodynamic coefficients in the one-dimensional flow model is to use the full-scale train test. However, in the early stage of the engineering design, there are no test data. In the present paper, the computational method of critical aerodynamic coefficients is proposed based on the computational results of the three-dimensional flow model. The basic idea is to compute the pressure increments of the measuring point on the tunnel by the threedimensional flow model, which is shown in Figure 1 . 
Pressure loss coefficient of the streamlined head
The pressure loss coefficient of the streamlined head 
Friction coefficient of the train body
The friction coefficient of the train body TR f can be computed by the pressure increment 
Pressure loss coefficient of the streamlined tail
The pressure loss coefficient of the streamlined head Figure 4 shows the flow model of the entry of the streamlined tail into the tunnel, the subscripts 0, 5 and 6 respectively represent different flow regions. When the streamlined tail has certain distance from the entrance portal, the air flow in the tunnel is shown in Figure 5 . The subscripts 0, 7 and 8 respectively represent different flow regions. 
F are the air flow area of region 5, region 6, region 7, region 8, respectively; 6 u is the velocity of region 6 relative to the train speed.
THREE-DIMENSIONAL FLOW COMPUTATION
The pressure increment of [8] , the overset mesh methodology is adopted to simulate the relative motion between the train and tunnel when the train goes through the tunnel [9] . Figure 6 shows the train model used in the present paper, H indicates the height of the top of the rail to the top of the train, the train contains four vehicle and the total length is L=25.8H. According to the TB10621-2009, the cross-section area of the tunnel is 100m 2 , and the distance between centers of tracks is 5.0m. Figure 7 shows the computational domain. Figure 8 shows the computational mesh. The computational mesh consists of cutting body mesh and prism mesh. The boundary layer is set on the train surface and tunnel wall. The thickness of the first layer grid should meet the requirement of mixing wall function. The boundary layer on the train surface has 8 layers and the stretch ratio is 2.0. The boundary layer on the train surface has 7 layers and the stretch ratio is 2.0. The finite volume method is adopted to compute the flow filed of the high-speed train going through the tunnel. The governing equations were discretized using the first-order implicit scheme in time term, the second-order upwind scheme in the convective term and the central difference scheme in the diffusion term. The SIMPLE algorithm adopted to solve the discrete equations.
COMPUTATIONAL RESULTS ANALYSIS
The three-dimensional flow model established in section 3 is used to obtain the pressure increment, then the computational formula established in section 2 is used to obtain the critical aerodynamic coefficients. Table 1 shows the critical aerodynamic coefficients for different train speeds. It can be seen from Tab. 1 that the critical aerodynamic coefficients for different train speeds have little difference, and the mean value can be obtained. The pressure loss coefficient of the streamlined head is 0.0149, the friction coefficient of the train body is 0.0040 and the pressure loss coefficient of the streamlined tail is 0.0151. Figure 9 shows the comparison of the pressure wave computed by the onedimensional flow model and three-dimensional flow model. It can be seen from Figure 9 that the pressure waves computed by the one-dimensional flow model fit well with that of computed by the three-dimensional flow model, and the difference of the maximum pressure is less than 5%, which verifies the accuracy of the critical aerodynamic coefficients. 
CONCLUSION
The one-dimensional flow model is an effective method to study the train tunnel pressure wave problem, and the critical aerodynamic coefficients are the main factors that affect the computational accuracy of the one-dimensional flow model, which are usually obtained by the full-scale train test in the previous studies. However, in the early stage of the engineering design, there is no test data. In the present paper, an effective computational method of the critical aerodynamic coefficients is proposed based on the three-dimensional flow model. The basic idea is to compute the pressure increments of the measuring point on the tunnel by the three-dimensional flow model firstly, then the critical aerodynamic coefficients can be computed by the pressure increments. The computational results show that, for the high-speed train studied in the present paper, the pressure loss coefficient of the streamlined head is 0.0149, the friction coefficient of the train body is 0.0040 and the pressure loss coefficient of the streamlined tail is 0.0151. The pressure waves computed by the one-dimensional flow model fit well with that of computed by the three-dimensional flow model, which verifies the accuracy of the critical aerodynamic coefficients.
